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Abstract : The promoter region of the §-glucanase gene was identified using a transcriptional fusion
between the upstream region of the Streptococcus bovis §-glucanase gene and the celA gene. Using
the transcriptional and protein localisation signals of the S. bovis §-glucanase gene, an in-frame
tarnslational fusion between the end of the §-glucanase signal sequence and the ATG of the
Neocallimastix patriciarum celA gene was constructed. The §-glucanase promoter-celA fusion was
expressed in both E. coli and S. bovis. The activity of the protein produced was found to be cellassociated in E. coli, it but localised to the supernatant fraction of harvested cells of S. bovis. In this
study for the first time we have demonstrated that the promoter of the gene from rumen bacteria
can express a fungal gene.
Key Words: fungal cellulase, Streptococcus bovis, promoter, gene expression.

Introduction
The forage plant cell wall is a complex and a fascinating biological structure. It is made up
of polymers of cellulose and other noncellulosic polysaccharides, such as xylans and pectins in
association with lignin, proteins, ions, and water (1-5). Cellulose hydrolysis is a complex process
thought to be carried out by the combined action of different enzymatic activities including
endoglucanase, cellobiosidase and §-glucosidase (6-8). In recent years, the molecular biology of
bacterial cellulases has received considerable attention (9). There have been many reports of
genes being cloned from many of the predominant species of ruminal bacteria, but only recently
from the ruminal anaerobic fungi, by Gilbert et al., (10) and Xue et al., (11,12). Although the
importance of establishing the structure of rumen bacterial promoters is well documented (1316), there is presently an insufficiency of information regarding the structure of native
promoters in rumen bacteria. For some genes isolated from rumen bacteria there is evidence
that E. coli recognises promoters different from those used in the original host organism. This
has been shown for a cellulase gene from P. ruminicola (17), but may also apply to genes from
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other species. Expression of some P. ruminicola genes occurs in E. coli in the absence of any
obvious ribosome binding site, and ribosome binding may be dependent on secondary structure
(17,18). Ribosome binding sites are generally observed in the expected position for genes
isolated from ruminococci, B. fibrisolvens and F. succinogenes (19), but internal translational
start points and proteolysis can complicate interpretation of cloned gene products from R.
flavefaciens expressed in E. coli (20). However, the importance of confirming promoter identity
empirically has been demonstrated by studies in which transcriptional sites operating within E.
coli differed significantly from those that were active within the native bacterium (17,21).
Proven promoter sequences have shown similarity to the consensus sequences of E. coli
(17,22), but other consensus sequences that function in E. coli have been shown to be nonfunctional in the rumen bacterium. Furthermore, any product normally glycosylated in Grampositive will not be so modified in E. coli. Therefore, it is of interest to examine expression of
cloned genes in Gram-positive species (17,22).
The importance of rumen bacteria in the digestive processes of ruminants makes them a
logical target for genetic manipulation to improve nutritional efficiency. Thus, introducing
cellulolytic functions into non-cellulolytic rumen bacteria such as P. ruminicola (23-25), and B.
fibrisolvens (26) has been suggested, and S. bovis is another potential recipient for expression
of genes encoding cellulolytic functions. These species display more acid tolerance than the
predominant rumen cellulolytic bacteria (27) and some strains are moderately cellulolytic. In
particular this provides an approach to achieving cellulolysis at rumen pH levels below those
tolerated by the existing rumen cellulolytic population, and also could improve fibre digestion
when ruuminants are fed on cereal-based diets (23), since the predominant cellulolytic rumen
bacteria, R. albus, R. flavefaciens, and F. succinogenes, will not persist in rumen pH below 6
(27,28). Such a genetic modification may reduce N loss, which occurs when feeding ruminants
with silage-based diets, due to the imbalance of ammonia release and energy generated by the
metabolism of plant structural polysaccharides (29).
In Gram-positive bacteria, a variety of promoters and vectors have been developed to allow
quantitative modulation of gene expression over a range of levels. Unfortunately, many of these
systems do not function in Gram-positive organisms, probably because the requirements for
promoter usage are more stringent in these bacteria than in E. coli (30). Only a few regulated
promoters have been described for Gram-positive bacteria, and some of these, such as Bacillus
subtilis sporulation promoters, require factors unique to the native species that are not present
in the heterologous systems, like specific sigma factors and their regulators (31).

Materials and Methods
1. Strains, Plasmids and Growth Conditions
Gram-positive shuttle vector pTRW10, which is a modification of pVA838 (32), containing
a multiple cloning site (33), was supplied together with E. coli and S. bovis JBl by T.R.
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Whitehead (USDA, Peoria, USA). E. coli strains were routinely grown in LB medium. E. coli
DH5α and E. coli HB101 were used as hosts for pUC based constructs, with 50 µg/ml ampicillin
for selection. E. coli V850 (32) was used as a host for pTRW10 vectors, with 150 µg/ml
erythromycin for selection. Selection in Gram-positive hosts was with 5 µg/ml erythromycin. S.
bovis JBl was routinely maintained anaerobically in a rumen fluid-based medium (34) containing
0.2% soluble starch, 0.2% glucose and 0.2% cellobiose as energy sources. For enzyme
determinations S. bovis was also grown in M17 Medium (Oxoid Ltd, London, UK).
2. Molecular Biology Procedures
Restriction enzymes were obtained from Pharmacia LKB Biotechnology (Central Milton
Keynes, UK). T4 DNA ligase and alkaline phosphatase were obtained from Boehringer
(Mannheim, Germany). The restriction and ligation reactions were carried out as described by
Maniatis et al., (35). E. coli cells were prepared for transformation by the method of Hanahan
(36). Transformed cells were plated onto LB agar plates in a overlay of LB medium containing
0.5% agar, 50 µg/ml ampicillin and 0.1% CMC (Carboxymethylcellulose). The transformation
method for S. bovis JBl followed published procedures (18). Oligonucleotide primers used for
amplification of §-glucanase promoter and celA gene were obtained from Cruachem Ltd.
(Paisley, UK).
3. Enzyme Activity Determination
Reducing sugar release from polysaccharide substrates was determined by the method of
Lever (37). Plate tests for CMCase (Carboxymethylcellulase), in which plates carrying substrate
overlays were stained with Congo red (38), were performed as described previously (39).
Detection of endoglucanase activity following SDS-PAGE (zymogram) was as described
previously (20).

Results and Discussion
The following strategy was used to obtain a fusion of §-glucanase promoter with celA gene
into pTRW10 shuttle vector. First a 1.1-kb fragment of pL1Hc (40) was amplified with M13
forward and §-glu reverse primers (Figure 1), which encodes §-glucanase promoter. SalI and
BglII recognition sequences were synthesised at the 3Õ end of the §-glu reverse primer to obtain
suitable cloning sites into plasmids and also to obtain frame fusion with the celA gene. Amplified
PCR product was then digested with PstI/SalI endonucleases and the digested 0.6kb PstI/SalI
fragment purified from agarose gel. The purified fragment was then cloned into the same sites
of pUC18 plasmid, a new recombinant plasmid named BgPps. Similarly 1.2 kb celA fragment
was amplified by celAF and celAR primers (Figure 1). Both BgPps construct and amplified celA
fragments were cut by BglII and EcoRI enzymes. Digested celA fragment was inserted into the
same site of BgPps recombinant plasmid. The ligated DNA was then transformed into E. coli
DH5α selected on LB-ampicillin plates containing CMC substrate, named pBpC. To introduce the
39
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construct into Gram-positive species a vector that can be replicated in that species is needed.
Therefore an E. coli/Streptococcus shuttle vector pTRW10 was used and the following strategy
performed. To fulfil the above purpose a 1.8-kb fragment of pBpC encoding §-glucanase
promoter and celA fusion was excised by cutting with HindIII and EcoRI enzymes and the
fragment purified from agarose gel. The purified fragment was then inserted into the same site
of pTRW10 shuttle vector. The ligated DNA was transformed into E. coli V850 and
recombinant colonies were selected on LB erythromycin plates containing CMC substrate
overlay. CMCase-positive colonies were identified by clearing zones around the colonies. The
recombinant plasmid was termed pTRBpC (Figure 1). The plasmid pTRBpC DNA was then
introduced into the S. bovis JBl by electroporation (39) for further analysis.
In this study it was demonstrated for the first time that a fungal cellulase gene can be
expressed by the promoter of ruminal Gram-positive bacterium S. bovis §-glucanase gene in
both E. coli and Gram-positive rumen bacterium S. bovis. Detectable cell-associated CMCase
activity in both E. coli and S. bovis was found to be 16.2 and 8.3 nmol min-1 (mg protein)-1
respectively. While supernatant activities of both E. coli and S. bovis were found to be 12.2 and
28.6 nmol min-1(ml culture)-1 respectively. This supports the observation that CMCase
transported out of cell in S. bovis while in E. coli it was mostly cell-associated. pH optimum and
stability of celA were found to be similar in S. bovis as reported previously (12). Approximately
45kDa active protein band was detected from E. coli/pTRBpC and S. bovis/pTRBpC extracts by
SDS-PAGE zymogram analysis (Figure 2). According to zymogram analysis only one single
active protein band was detected, suggesting that celA gene product in both E. coli and S. bovis
was not affected by proteases.
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Figure 2.

Detection of active polypeptide of pTRBpC
fromE. coli and from S. bovis JBl ond
SDS-PAGE zymogram. Polypeptides from
sonicated cells were separated on an SDSpolyacrylamide gel. After renaturation the
gel was incubated between agarose gels
containing CMC (carboxymethylcellulose),
which were then stained to reveal activity
(see Materials and Methods) Lane 1: E.
coli; Lane 2: E. coli/pTRBpC; Lane 3: S.
bovis JBl; Lane 4: S. bovis JBl/pTRBpC

45 kDa
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The use of transcription and localisation signals for heterologous gene expression in S. bovis
is at an early stage of investigation compared with other systems. S. bovis is a potentially useful
host for heterologous expression, especially for the expression of enzymes such as §-glucanase.
S. bovis is a rumen organism that produces and exports a large number of complexcarbohydrate-degrading enzymes, and the use of the expression and localisation signals from
these enzymes for the production of similar enzymes from other sources is potentially
powerful. §-glucanase from N. patriciarum is an example. The pH stable activity of this enzyme
makes it well suited for processes such as plant cell wall polysaccharide degradation, but
production of the enzyme from its host, an obligate anaerobe, would be difficult at best. Our
investigation of the expression of this §-glucanase in S. bovis clearly shows that the enzyme is
expressed and localised and that the activity is pH tolerant. Our efforts to optimise the system
for high-level production, using the promoter region of S. bovis §-glucanase resulted in an
increase in celA activity.
Finally, the construct that was made in this study seems to have potential for silage
inoculation.
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